Objective: To examine whether allopurinol is associated with any alteration in mortality and hospitalisations in patients with chronic heart failure (CHF). This hypothesis is based on previous data that a high urate concentration is independently associated with mortality with a risk ratio of 4.23 in CHF. Design: Retrospective cohort study. Setting: Medicines Monitoring Unit, Ninewells Hospital, Dundee, UK. Patients: 1760 CHF patients divided into four groups: those on no allopurinol, those on long term low dose allopurinol, those on short term low dose allopurinol, and those on long term high dose allopurinol. Main outcome measures: Total mortality, cardiovascular mortality, cardiovascular hospitalisations, cardiovascular mortality or hospitalisations. Results: Long term low dose allopurinol was associated with a significant worsening in mortality over those who never received allopurinol (relative risk 2.04, 95% confidence interval (CI) 1.48 to 2.81). This may be because low dose allopurinol is insufficient to negate the adverse effect of a high urate concentration. However, long term high dose (> 300 mg/day) allopurinol was associated with a significantly better mortality than longstanding low dose allopurinol (relative risk 0.59, 95% CI 0.37 to 0.95). This may mean that high dose allopurinol can fully negate the adverse effect of urate and return the mortality to normal. Conclusions: Long term high dose allopurinol may be associated with a better mortality than long term low dose allopurinol in patients with CHF because of a dose related beneficial effect of allopurinol against the well described adverse effect of urate. Further work is required to substantiate or refute this finding.
T
here are increasing data suggesting that uric acid may be a major culprit in cardiovascular disease. In fact, three types of data attest that uric acid per se is harmful. Firstly, exogenous uric acid causes endothelial dysfunction when infused into the human brachial artery. 1 Secondly, endogenous uric acid concentrations correlate with endothelial dysfunction. 2 Thirdly, in numerous population studies uric acid has been shown to be an independent predictor of mortality, including one large study in patients with chronic heart failure (CHF). [3] [4] [5] [6] [7] [8] These data obviously raise the possibility that reducing uric acid with allopurinol might also reduce cardiovascular events. This prospect is made even more likely because as well as reducing uric acid, which might be beneficial, allopurinol has a second and completely different action that might also reduce cardiovascular events. That second effect of allopurinol is to reduce superoxide anion production because xanthine oxidase is one of the main producers of superoxide anions. [9] [10] [11] The importance of this second effect of allopurinol is that superoxide anions are well known to inactivate endogenous nitric oxide and therefore allopurinol should boost endogenous vascular nitric oxide bioactivity. 12 13 If the above theoretical benefits of allopurinol actually were to occur in practice, then one would expect that xanthine oxidase inhibition would be able to improve endothelial dysfunction in humans. In fact, three studies now clearly show this to be the case. [14] [15] [16] The prospect therefore arises that allopurinol might reduce cardiovascular events in at risk patients. Indeed, whether this is the case or not has become a key question in cardiovascular medicine. A full randomised placebo controlled trial would be the ideal way to answer this question. However, before any funding agency is likely to use their limited resources to fund such an expensive trial, more confirmatory data are required, especially data linking allopurinol directly to cardiovascular events rather than merely linking allopurinol with promising surrogates, which is all that we currently have. To perform such a study, the Medicines Monitoring Unit (MEMO) at Ninewells Hospital was used to identify retrospectively a cohort of patients with CHF in 1993. We then examined whether those CHF patients who received allopurinol had fewer cardiovascular events than those who did not receive allopurinol.
Clearly any comparison of the two groups had to take carefully into account the diuretic dose as this not only indicated the severity of the underlying CHF disease but also was the driving force for gout to appear. Another complicating factor that needed to be taken into account is that, at the same diuretic dose, those with a high urate concentration are known to have a much worse prognosis. Indeed, in the only study of patients with CHF, the relative risk of an above median urate concentration was as high as 4.23 and that risk was independent of diuretic dose. 3 
METHODS
This study was carried out using the record linkage system of the MEMO at Ninewells Hospital, Dundee, UK. The workings of this database and its methods of collection have been described in detail elsewhere. 17 Basically, MEMO has information on all drugs dispensed, hospitalisations from Scottish Morbidity Records, and deaths and their causes in the population of Tayside in Scotland.
Entry criteria
The MEMO database was firstly used to identify a cohort of patients who have CHF. To identify them, we could have simply used all patients on loop diuretics but the latter are prescribed in some non-CHF situations (for example, renal hypertension or to elderly women with swollen ankles caused by venous disease) so that we felt it better to identify a more specific cohort of CHF patients. We did this by firstly identifying a fixed cohort of patients who satisfied the following criteria: they had at least one admission for myocardial infarction between 1980 and July 1993; and they were receiving loop diuretic medication between 1 January and June 1993 (thiazide diuretics were not an entry criteria as this might capture patients who are hypertensive with small myocardial infarctions). Patients were excluded if their plasma creatinine concentration was > 200 m/mol on 1 July 1993. Since most hypertensive patients who receive loop diuretics have renal disease, this helped to exclude renal hypertension without CHF.
We have successfully used the above entry criteria in previous MEMO studies to identify a cohort of CHF patients. 18 In all studies so far, a previous myocardial infarction was the main risk factor for developing heart failure, which is why we used this criterion. Loop diuretics are universally given to patients with symptomatic, suspected heart failure. Although not perfect, the combination of these two criteria has previously been accepted as the best possible way of identifying CHF from large datasets such as MEMO. 18 Case note validation (see below) was undertaken in a sample to verify the accuracy of the diagnosis of CHF. It is accepted that this technique misses patients with dilated cardiomyopathies, but such patients are in the minority in Scotland.
Study period
Patients with CHF were all identified at 1 July 1993 and followed up to March 1999 for mortality, although only to March 1997 for hospitalisation, giving a minimum follow up of around four years (1993) (1994) (1995) (1996) (1997) . Patients were censored at death or at the end of the study period, whichever was the earlier.
Allopurinol cohort
From the study cohort, patients who were receiving allopurinol medication on entry to the study were identified and formed the allopurinol cohort.
Non-allopurinol cohort
The non-allopurinol cohort was made up of comparators who fulfilled the entry criteria and who were not receiving allopurinol on entry to the study.
Outcomes
As far as outcomes are concerned, it is worth noting that MEMO should have 100% complete follow up data for deaths anywhere in the world and 100% complete follow up for hospitalisations within Tayside. 17 The main end points were the following: • all cause mortality
• cardiovascular mortality (International classification of diseases, ninth revision (ICD-9) primary codes of death 390-459) 
Statistical methods
Time to death and time to hospitalisation in those receiving and those not receiving allopurinol were compared using the Cox's proportional hazards model. In addition, we were able from the MEMO prescription database to assess actual exposure and dose of allopurinol in the allopurinol cohort. This allowed us to examine whether there was any evidence of a dose related effect of allopurinol. If found, this would be consistent with a causal effect.
The proportional hazards regression was adjusted for a number of potential confounders. The following variables were assessed: age, sex, Carstairs deprivation score, 19 loop diuretic dose on entry (low < 40 mg; medium 41-119 mg; high > 120 mg), allopurinol dose (low < 299 mg; high > 300 mg), and concurrent use of aspirin, other anticoagulants, angiotensin converting enzyme (ACE) inhibitor, β blocker, digoxin, antiarrhythmics, K + sparing diuretics, or nitrates at any time during the study period. In addition, prior use of non-steroidal anti-inflammatory drugs or thiazides, and prior respiratory illness, renal disease, and hypertension were also considered to be covariates. Correcting for confounding variables is obviously crucial. This was done by entering all confounding variables individually as above into the proportional hazards model to see initially which ones were significant for the various end points. Finally, all variables were entered simultaneously to assess the independence of any significant associations found.
It is important in studies such as this to double check random samples of the case notes to ensure that the allocation of treatments (allopurinol or not) was correct and that the patients truly had CHF. We did this in all those who received allopurinol as well as in a random 5% sample of the non-allopurinol cohort. In all cases, one nurse validated the case records. MEMO carries out all record linkage studies anonymously using encrypted data but the case record validation required decrypting of some of the person specific data. Permission was obtained from the Tayside committee on research medical ethics and from the Caldicott Guardians for both the Tayside University Healthcare Trust and the Primary Care Trusts for this case record validation to be undertaken. Table 1 describes the demography of the CHF cohort (n = 1760) identified. To explain the data fully, the cohort was 
RESULTS
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www.heartjnl.com group.bmj.com on January 7, 2018 -Published by http://heart.bmj.com/ Downloaded from divided into four groups: (1) those who had never received allopurinol; (2) those who received no allopurinol before 1 July 1993 but were on low dose allopurinol during the study period (1993-1997) (hereafter also called the recent low dose allopurinol group); (3) those who received allopurinol before 1 July 1993 and were on low dose allopurinol during the study period (1993-1997) (hereafter also called the longstanding low dose allopurinol group); (4) those who received allopurinol before 1 July 1993 and were on high dose allopurinol during the study period (hereafter also called the longstanding high dose allopurinol group).
The importance of using allopurinol before 1 July 1993 as a factor is that it contains important information on the duration for which the patient was exposed to a putative beneficial treatment (allopurinol). Most treatments exhibit a duration-effect relation in terms of their ability to alter major clinical events.
The four groups differed (as expected) in certain parameters (table 1) .
It is worth noting that all those on high dose allopurinol were also on allopurinol before 1993, which means that the fairest comparison for them is with those on low dose allopurinol who also used allopurinol before 1993. This is fairest because both groups were exposed to allopurinol's therapeutic effect for the same duration. Table 1 shows the demographic breakdown of the four groups. The data in table 1 suggest that although there were some demographic differences between the groups the differences were not all in the same direction and might well be expected in general to balance each other out. Importantly, these differences were taken into account by adjusting for these covariates in the proportional hazards regression. In the case record validation subset, 95% of patients labelled as having CHF did indeed have CHF and the allocation to receiving allopurinol or not was 100% accurate. Figure 1 shows the Kaplan-Meier survival curves for the four allopurinol exposure groups. The curves show that total mortality was similar in all groups, except that the longstanding low dose allopurinol group had a worse mortality than the other three groups. This could be because the latter group was exposed to an inadequately treated urate concentration for a longer time. An alternative explanation is that low dose allopurinol is positively harmful when taken over a long period of time but this seems less likely since there are no known adverse effects of allopurinol and because high dose allopurinol was, if anything, beneficial. Tables 2 and 3 show the proportional hazards regression analysis in greater detail. The important finding is that longstanding low dose allopurinol was associated with increased mortality while longstanding high dose allopurinol was associated with the same mortality as the no allopurinol group. This means that longstanding high dose allopurinol was significantly better than longstanding low dose allopurinol. The data on cardiovascular mortality, cardiovascular hospitalisations, and their combination are essentially the same as the mortality data for allopurinol (table 4) . Tables 2 and 3 also show the expected beneficial effect of ACE inhibitors, β blockers, and aspirin on mortality in this cohort, which adds some validity to our dataset and our analyses. Data in these tables also suggest that anticoagulants and aspirin may be particularly beneficial on mortality, which corroborates similar analysis of the SAVE (survival and ventricular enlargement) study population. 20 For these non-allopurinol drugs, the hospitalisation data are sometimes dissimilar to the mortality data, which could be because of drug side effects causing admissions such as bleeding with aspirin and anticoagulants or hypotension and renal dysfunction with ACE inhibitors. The only major surprise in all these data is the apparently beneficial effect of diabetes, for which we have no explanation. *p < 0.1; **p < 0.05; ***p < 0.01; ****p < 0.001.
DISCUSSION
Our retrospective cohort study is certainly not as definitive as a fully randomised controlled trial (RCT) but there are some well recognised advantages of this kind of study over an RCT. For example, the average age in many RCTs involving patients with CHF is often 62 years, whereas the average age of these patients in the real world is usually higher, the average age in this study being 68 years. The other criticism of many RCTs in CHF is that comorbidity often excludes a patient from taking part in an RCT, whereas comorbid conditions are extremely common in real life elderly CHF patients. Thus, an advantage of our retrospective study is that neither age nor comorbidity nor indeed any factor at all led to a patient being excluded, which means that the population that we studied was representative of patients with routine ischaemic CHF in the UK. It may be argued that all we have found here is that the longstanding low dose allopurinol group happened by chance to have a significantly worse mortality than all other groups and that overall allopurinol probably has no effect. Although this is certainly possible, the previous work relating high urate concentration to mortality (relative risk 4.23) makes it unlikely that our low dose results happened by chance. It would be quite a coincidence if longstanding low dose allopurinol use had increased mortality by chance in this study while longstanding high urate concentrations (which were very likely to have been present in our low dose allopurinol group) are already known to be linked to increased mortality from other studies. Therefore, it seems quite possible that the high risk associated with a longstanding high urate concentration is inadequately reduced by longstanding low dose allopurinol. That is why longstanding low dose allopurinol is associated with increased risk.
Our finding that longstanding high dose allopurinol was associated with a significantly lower mortality than longstanding low dose allopurinol should also be assessed along with the previous observation by Anker and colleagues 3 that a high uric acid concentration identifies a group at particularly high risk (relative risk 4.23), irrespective of diuretic dose. Therefore, a possible conclusion from this study is that the ability of longstanding gout and a high uric acid concentration to identify a high risk group is little altered by long term low dose allopurinol. However, long term high dose allopurinol may be able to reverse that risk and return these patients to the risk normally found in patients with CHF who do not have gout. In fact, the relative risk of an above median urate concentration of 4.23 3 means that it was never likely that, in this study, allopurinol would be associated with a better overall mortality than no allopurinol because, to do this, allopurinol would need to totally negate a relative risk of 4.23 plus provide an added benefit. No drug that improves mortality has ever had such a dramatic effect. This is why our finding that high dose allopurinol was associated with the same mortality as no allopurinol should not be dismissed since this is the most that allopurinol was ever likely to achieve in this kind of study.
Clearly, the allopurinol subgroups in this study were relatively small, which means that this study was more of a hypothesis generating pilot study rather than providing a definitive result. However, the difference we saw between high and low dose allopurinol does fulfill some of the criteria that epidemiologists look for to assess causation in observational studies. 21 Firstly, the finding of a dose-response trend with any drug is generally seen to lend important support to the idea that the drug is exerting a true biological effect rather than that the findings are due to chance. This is especially true in the present study, where the low dose used (100 mg/day) is only 10% of the maximum recommended dose of allopurinol (< 1 g/day). Indeed, it would surprising if such a small dose of allopurinol (100 mg/day) were to have any effect on such a major complex event as death, especially since it is working against such a high relative risk for urate. Furthermore, it is worth noting that the two studies that showed that allopurinol improved endothelial dysfunction both used the higher, 300 mg/day dose of allopurinol, which also produced apparent benefit here. 15 16 Secondly, the difference between high and low doses was of reasonable magnitude with a significant risk ratio of 0.59 despite the low numbers. Thirdly, there are plausible biological mechanisms to explain such a finding (uric acid and superoxide anions).
It is worth commenting further on the limitations of the dataset available to us. Firstly, unfortunately we do not have uric acid data because the current computerised biochemistry records were not in operation in the early 1990s and because not every CHF patient would have a routine urate concentration determination unless they had symptoms to suggest gout. Secondly, the only data to reflect CHF disease severity are the furosemide (frusemide) doses. Although this is a fairly reliable measure of CHF severity, the ideal study would also have New York Heart Association functional classes and measures of left ventricular function to define CHF disease severity. Thirdly, because of limitations in the data available to use, we are unable to repeat this study in a larger cohort of patients, although we aim to do this after several years' more collection of data.
Conclusion
We have found that long term low dose allopurinol is associated with increased mortality while long term high dose allopurinol was associated with the same mortality as in those who received no allopurinol. One possible interpretation of these results is that low dose allopurinol inadequately reduces the adverse effects associated with a longstanding high urate concentration but that high dose allopurinol does reduce the risks associated with a high urate concentration in CHF. It also raises the hypothesis that patients with CHF who have gout ought to receive > 300 mg allopurinol/day even if a lower dose keeps the gout under clinical control. Further work is required to see whether the hypothesis raised by these results is true.
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We thank the Chief Scientist Office for financial support of this study. These data do not take into account the time to each event, which is taken into account in all other analyses. CV, cardiovascular. H aemopericardium is rare in rheumatoid arthritis. We report a case of pericardial fluid and tumour compressing the right ventricle with Brugada-like ECG pattern in rheumatoid arthritis. A 44 year old women who had rheumatoid arthritis for 10 years presented with dyspnoea. She was taking chloroquine 250 mg twice daily. On examination her heart rate was 85 beats/min. Jugular venous pressure was increased and a tender hepatomegaly was found. She was apyrexial with normal total and differential leucocyte count. An ECG showed regular rhythm with a pattern similar to those described in the Brugada syndrome (below left, panel A: right bundle branch block (RBBB) pattern with coved ST segment elevation in leads V1-V3). Echocardiography showed a pericardial effusion and a tumour compressing the right ventricle. A pericardial drain was inserted and 200 ml haemorrhagic fluid was drained, but the large A B pericardial mass did not disappear (below right). Microscopy and culture, including for acid-fast bacteria and cytology, were negative. During the operation macroscopic evidence revealed that the tumour was organised haemopericardium. After the operation the patient was well and had a normal ECG pattern (below left, panel B).
The diagnostic criteria for Brugada syndrome are rather uncertain. This report described a women in whom the mechanism for the RBBB pattern and ST segment elevation in the right precordial leads was probably the pericardial haematoma compressing the right ventricle.
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